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Serial No.: 09/936,377 
Docket No.: BM45379 

Remarks: 

Claims 

By the present amendment, claims 25, 27, 29, 31-32, 35, 40-41, 43 and 47-51 are 
pending. 

Reconsideration of the rejections is respectfully requested. 

Claim Rejections - 35 U.S.C. §112, First Paragraph - Written Description 
Claims 25, 27, 29, 31, 32, 35, 40, 41, 43 and 47-51 stand rejected under 35 U.S.C. §112, 
first paragraph based on an assertion the claims contained subject matter that was not described 
in the specification in such a way as to reasonably convey to one of skill in the art that the 
inventor, at the time, the application was filed, had possession of the claimed invention. In 
particular, the Office Action asserted that the specification fails to teach whether the claimed 
polypeptide is able to recognize sera obtained from an infected individual. The Office Action 
argues that the specification does not teach fragments of 15 or 20 contiguous amino acids of SEQ 
ID NO:2. The Office Action further alleges that the specification fails to teach the structure or 
relevant identifying characteristics of fragments of SEQ ID NO:2, sufficient to allow one of skill 
in the art to determine that the inventor had possession of the invention as claimed. 

Applicant respectfully disagrees. Applicant submits that the Notice, entitled, "Guidelines 

for Examination of Patent Applications under the 35 U.S.C. 112, fl. Written Description" 

Requirement at p. 1104, vol 66, no. 4 (January 5, 2001) addresses the written description 

provision as follows (emphasis added): 

An applicant shows possession of the claimed invention with all its 
limitations using such descriptive means as words, structures, 
figures, diagrams, and formulas that fully set forth the claimed 
invention . Possession may be shown in a variety of ways 
including description of an actual reduction to practice, or by 
showing that the invention was "ready for patenting" by the 
disclosure of drawings or structural chemical formulas that show 
that the invention was complete , or by describing distinguishing 
characteristics sufficient to show that the applicant was in 
possession of the claimed invention. 

Applicant notes that the specification discloses an immunogenic fragment of a B ASB082 
polypeptide, that is a contiguous portion of the BASB082 polypeptide which has the same or 
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substantially the same immunogenic activity as the polypeptide comprising the amino acid 
sequence of SEQ ID NO:2 at, for example, page 5, paragraph 16. In addition, the specification 
further describes preferred fragments including an isolated polypeptide comprising amino acid 
sequence having at least 15 contiguous amino acids of SEQ ID NO:2 at, for example, page 10, 
paragraph 31. Applicant submits that these recitations of the immunogenic fragments, coupled 
with the disclosed amino acid sequence of SEQ ID NO:2 represent possession of the invention 
by showing that the invention was "ready for patenting" by the disclosure of structural chemical 
formulas that show the invention was complete. Reconsideration of the Written Description 
Requirement rejection under 35 U.S.C. 112, fl is therefore respectfully requested. 

Claim Rejections - 35 U.S.C. §112, First Paragraph - Enablement 
Claims 25, 27, 29, 31, 32, 35, 40, 41, 43 and 47-51 stand rejected under 35 U.S.C. §112, 
first paragraph based on an assertion that the specification, while being enabling for a 
polypeptide consisting of the sequence of the amino acid SEQ ID NO: 2 and a fusion protein 
comprising the amino acid sequence SEQ ID NO:2, does not reasonably provide enablement for 
an isolated polypeptide that comprises a fragment of at least 15 or 20 amino acids, fusion protein 
or immunogenic composition comprising said fragments. 

The rejection includes a general discussion of the unpredictability of protein chemistry, 
and on the consequences of a single change in an amino acid residue on the biological activity of 
a protein. The Office Action notes that the specification fails to disclose whether the polypeptide 
recognizes antibodies that are obtained from individual infected with Neisseria. The rejection 
concludes by asserting that the skilled artisan would be forced into undue experimentation to 
practice the invention as claimed. 

Applicant respectfully disagrees. Whether the scope of enablement is sufficient is often 
decided in light of the following factors: (1) the quantity of experimentation necessary, (2) the 
amount of direction or guidance presented, (3) the presence or absence of working examples, (4) 
the nature of the invention, (5) the state of the prior art, (6) the relative skill of those in the art, 
(7) the predictability or unpredictability of the art, and (8) the breadth of the claims. In re 
Wands , 858 F.2d 731, 737, 8 USPQ2d 1400, 1404 (Fed. Cir. 1988). These factors are 
illustrative, not mandatory. Amgen, Inc. v. Chugai Pharm. Co., Ltd. , 927 F.2d 1200, 1213, 18 



7 



Serial No.: 09/936,377 
Docket No.: BM45379 

USPQ2d 1016, 1027 (Fed. Cir. 1991). A review of these factors as applied to the present claims, 
supports Applicant's assertion that the claims are enabled, as outlined in subsections (A) through 
(G) below. 

(A) Quantity Of Experimentation 

In Reece (Reece et al., 151 J. IMMUNOL. 6175 (1993), attached as Exhibit A) 1 , in 
excess of one thousand (1,304) overlapping 12 residue peptide fragments were synthesized by 
the multipin method to map T-cell epitopes of tetanus toxin. Pools of 20 peptides each were 
used to simplify the mapping assays. Thus, it was practical to synthesize a large number of 
peptides, and the initial screen needed only to assay sixty to seventy pools. Pools that generated 
strong responses were deconvoluted by assaying the members of the pool. That such 
experimentation using a multipin method to screen for antigens is ordinary in this art is 
illustrated in CURRENT PROTOCOLS IN IMMUNOLOGY 9.7.1 (1997) (attached as Exhibit 
B) and Reece et aL, 172 J. IMMUNOL. 241 (1994) (attached as Exhibit C). That such sequence- 
scanning techniques are ordinary in the art with respect to antibody-mediated antigenicity (as 
opposed to cellular immunity as in Reece) is illustrated in Geysen et al., 81 PROC. NATL. 
ACAD. SCI. USA 3998 (1984) (attached as Exhibit D). 

Note that in Geysen, antisera to the whole antigen polypeptide was tested for specificity 
with an extensive scan of specific peptide sequences. This approach is quite useful to the present 
invention, where the full-length BASB082 polypeptide that Applicant has identified can readily 
be used within the state of the art to produce polyclonal antibodies. These polyclonal antibodies 
can then be used to screen for promising smaller polypeptide antigens. 

(B) Amount O f Direction Or Guidance Presented 

Guidance can be found in the specification at, for example, paragraph 30: 

Preferred fragments include, for example, truncation polypeptides 
having a portion of an amino acid sequence of SEQ ID 
NO:2,4,6,8,10 or of variants thereof, such as a continuous series of 
residues that includes an amino- and/or carboxyl-terminal amino 



The literature cited in this response provides evidence of the state of the art - and is not 
submitted under 37 CFR §1.56. 
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acid sequence. Degradation forms of the polypeptides of the 
invention produced by or in a host cell, are also preferred. Further 
preferred are fragments characterized by structural or functional 
attributes such as fragments that comprise alpha-helix and alpha- 
helix forming regions, beta-sheet and beta-sheet-forming regions, 
turn and turn-forming regions, coil and coil-forming regions, 
hydrophilic regions, hydrophobic regions, alpha amphipathic 
regions, beta amphipathic regions, flexible regions, surface- 
forming regions, substrate binding region, and high antigenic index 
regions. 

That the sequence-based inferences described here are ordinary in the art, and of known 
value in selecting positive candidates is illustrated by CURRENT PROTOCOLS IN 
IMMUNOLOGY 9.3.1 (1991) (attached as Exhibit E). 

(C) Presence Or Absence Of Working Examples 

While the specification does not specifically provide a detailed working example of the 
isolation of immunogenic fragments of SEQ ID NO: 2, Applicant submits that a skilled artisan, 
given the teachings of the specification and recombinant techniques well known in the art, could 
readily prepare recombinant polypeptides comprising the full length SEQ ID NO:2 and the 
claimed fragments of SEQ ID NO:2. Recombinant polypeptides comprising the fragments could 
then be used to produce protein-recognizing anti-sera using well-known immunological 
techniques. The anti-sera's potential for detecting the presence of SEQ ID NO:2 can then be 
determined. In addition, the ease with which the polypeptides are screened, and the availability 
of robotic automation tools at the time the application was filed, counterbalance this element of 
the analysis. 

(D) Nature Of The Invention; Predictability Or Unpredictability Of The Art 

The art is no more unpredictable than the chemical arts in general. Thus, the reasonable 
scope of the claims should be comparable to that which can be achieved with other 
structure-focused claims in the chemical arts. Moreover, the ease with which the polypeptides 
are screened, and the availability of robotic automation tools at the time the application was 
filed, counterbalance this element of the analysis. 

That an unpredictable art nonetheless allows for reasonable inferences of claim scope is 
illustrated by the following text from the case law: 
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Appellants have apparently not disclosed every catalyst which will 
work; they have apparently not disclosed every catalyst which will 
not work. The question, then, is whether in an unpredictable art, 
section 112 requires disclosure of a test with every species covered 
by a claim. To require such a complete disclosure would 
apparently necessitate a patent application or applications with 
"thousands" of examples or the disclosure of "thousands" of 
catalysts along with information as to whether each exhibits 
catalytic behavior resulting in the production of hydroperoxides. 
More importantly, such a requirement would force an inventor 
seeking adequate patent protection to carry out a prohibitive 
number of actual experiments. This would tend to discourage 
inventors from filing patent applications in an unpredictable area 
since the patent claims would have to be limited to those 
embodiments which are expressly disclosed. A potential infringer 
could readily avoid "literal" infringement of such claims by merely 
finding another analogous catalyst complex which could be used in 
"forming hydroperoxides." 

A pplication of Anestad , 537 F.2d 498, 502-3, 190 USPQ 214, 218 (CCPA1976) (emphasis in the 
original). 

(E) State Of The Prior Art 

The highly advanced state of this art is illustrated by the above cited 1984 article by 
Geysen. The other articles discussed above clearly show that sequence scanning for antigenicity 
is a highly developed art. 

(F) Relative Skill Of Those In The Art 

In Enzo Biochem, Inc. v. Calgene, Inc. , 188 F.3d 1362, 52 USPQ2d 1129 (Fed. Cir. 
1999), the Federal Circuit approved a trial court determination in a comparable art that a person 
of ordinary skill would be a junior faculty member with one or two years of relevant experience 
or a postdoctoral student with several years of experience. Applicants respectfully submit that 
this level of skill is an appropriate measure of skill in the present context. 
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(G) Breadth Of The Claims 

The instant claims focus on a limited universe of claimed core elements. The world of 
the instant claims is miniscule compared to the monoclonal antibody world approved for 
claiming in In re Wands , 858 F.2d 731, 8 USPQ2d 1400 (Fed. Cir. 1988). 

The Wands factors thus weigh in favor of the allowability of the present claims. 
Accordingly, reconsideration of the rejection under 35 U.S.C. §112, first paragraph is 
respectfully requested. 

Amendments to the Specification: 

Various informalities were noted by the Examiner in the specification. 

The specification has been amended to include a section entitled "Brief Description of the 
Drawings" as suggested by the Examiner. Support for the descriptions of the drawings can be 
found in the text between paragraph 284 and 285, which has also now been deleted. The text 
that was found between 284 and 285 (sequence listings) has been presented as drawing figures 
(see below). 

Paragraph 15 has been amended to secure consistency with the rest of the specification. 
No new matter has been added. 

Drawing Figures: 

Insertion of the concurrently filed figures into the record of the application is respectfully 
requested. The figure have been inserted as suggested by the Examiner. Support for the figures 
can be found at, for example, in the text beween paragraphs 284 and 285. No new matter has 
been added. 
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Fee Deficiency 

If an extension of time is deemed required for consideration of this paper, please consider 
this paper to comprise a petition for such an extension of time; The Commissioner is 
hereby authorized to charge the fee for any such extension to Deposit Account No. 50- 
0258. 

and/or 

If any additional fee is required for consideration of this paper, please charge Account 
No. 50-0258. 

Closing Remarks 

Applicants thank the Examiner for the Office Action and believe this response to be a full 
complete response to such Office Action. Accordingly, favorable reconsideration in view of 
response and allowance of the pending claims are earnestly solicited. 

Respectfully submitted, 

Eric A. Meade 
Registration No. 42,876 
DECHERT LLP 

A Pennsylvania Limited Liability Partnership 
Princeton Pike Corporate Center 
PO Box 5218 

Princeton, New Jersey 08543-5218 
Phone: (609) 620-3248 
Fax: (609) 620-3259 
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f capping the Major Human T Helper Epitopes 
of Tetanus Toxin 

The Emerging Picture 



jeanette C. Reece, H. Mario Ceysen, and Stuart J. Rodda 1 

ciron Mimotopes Ply. Ltd.. Clayton, Victoria 3168, Australia 
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T 2 is commonly used in clinical or research studies 
r human T cell responsiveness as a control Ag or 
_ a model Ag for studying Ag processing, pre- 
sentation, and recognition mechanisms (1). Known epit- 
opes of the untoxoided protein, tt. have been established by 
a combination of screening and predictive methods, largely 
bv study of Th clones (2). A limitation of the methods used 
for initial location of j^terminant regions was that they 
relied on efficient processing of protein fragments by path- 
ways similar to those operating with the whole Ag (I). It 
has been shown that cells deficient in specific enzymes can 
fail to process Ag and present a particular peptide, despite 
normal ability to process and present other peptides (3). 
Thus, use of long peptides or partially fragmented Ag could 
fail to reveal immunodominant regions of the Ag. 

Frequencies of Th cells specific for TT can be very high 
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in PBMC (4). It is therefore feasible to detect individual 
epitopes by direct stimulation of PBMC with peptides rep- 
resenting single epitopes, because precursor Th cells spe- 
cific forsingle epitopes will be present in replicate samples 
of a donor's PBMC. We have found that use of pools of 
short synthetic peptides as Ag (J.C Recce et aL manuscript 
in preparation) can allow epitope mapping with PBMC of 
any An of known sequence to which humans or animals 
have a strong Th response. 

PBMC from donors shown to respond toTT in vitro were 
screened against peptide pools to locate the major epitopes 
in the sequence. The data obtained revealed five major epi- 
topes, of which three had not been reported from studies 
using other approaches. The epitopes were then used, along 
with epitopes from other sources, in a survey of unselectcd 
donors to look for the breadth of recognition over a range 
of HLA types. The use of these materials as a chemically 
defined Ag for quantitation of Th cell responses in a clinical 
setting is proposed. 

Materials and Methods 
Medium 

Complete medium consisted of RPMI 1640 supplemented 
with 2 m,M L-lutaminc. 5 mM HEPES buffer, pH 7.4. and 
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20 jig/ml gentamicin (CSL, Melbourne, Australia) to which 
10% (vol/vol) human serum, pooled from donations 
screened for suitability in supporting in vitro PBMC 
proliferation, had been added. 

Ag 

Overlapping dodecapeptides for epitope scanning were 
synthesized by the multipin method (5) with a COOH- 
tenninal b-dkp group and an acetylated NH 2 -terminus. 
NH2- and COOH-terminal-blocked peptides are as efficient 
in activation of Th cell clones as unblocked peptides (6, 7), 
in contrast to cytotoxic T cells (8). Peptides were cleaved 
into 0.1 M sodium bicarbonate in 96-weil microtiter trays. 
The purity of representative peptides was assessed using 
HPLC and was found to be generally >80%. Weils were 
found to contain an average of 10 nmol cleaved peptide by 
amino acid analysis. Two independently synthesized sets of 
peptides made on pins were used for the final identification 
of T cell stimulatory dodecapeptides. 

Bulk peptides for testing larger numbers of donors (Table 
VII) were prepared by solid phase peptide synthesis using 
an Applied Biosystems 430A peptide synthesizer. Peptides 
were purified to >90% and their compositions were 
confirmed by amino acid analysis. 

A cocktail of tt epitopes was prepared from equimolar 
amounts of peptides tt 141-171, 257-268, 591-602, 
616-631, 640-651, 652-663, and 947-967. TT was a gift 
from the Commonwealth Serum Laboratories, Melbourne, 
Australia. 

Cell preparation 

PBMC were from anticoaguiated venous blood of healthy 
volunteers. PBMC were isolated by density interface cen- 
trifugation over Ficoll-Paque (Pharmacia LKB Biotechnol- 
ogy AB, Uppsala, Sweden). The average yield of PBMC 
from whole blood was 2 X lO^/ml with a range of 1.2 X 
lO^mi to* 2*9 X lO^ml. 

Standard PBMC proliferation assay 

Peptide-stimulated proliferation assays using 2 X 10 5 
PBMC per well were performed in 96-well round bottom 
microtiter plates (Nunc, Roskilde, Denmark). Ag were 
added in 20 /xl of 0.1 M sodium bicarbonate to PBMC in 
complete medium to give a final volume of 200 /xl per well. 
Assays were conducted using at least 16 replicates per test 
group. Cultures were incubated at 37°C in 5% C0 2 in hu- 
midified air. After 138 ± 2 h, proliferation was detected by 
pulsing with 0.5 /xCi triiiated [meihyl^H] thymidine (40 to 
60 Ci/mmol, Amersham Australia, Sydney) per well for 6 
h. Cells were harvested onto glass fiber filter mats (Skatron, 
Sterling, VA), and incorporated thymidine was measured 
using an LKB 1205 Betaplate liquid scintillation counter. 
All assays included at least 24 wells each of negative con- 
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, trols (20 lU of 0.1 M sodium bicarbonate instead of peptic 
solution) and positive controls (TT at 1.0 Lf/mi or 0 1 
Li/ml, also in 0.1 M sodium bicarbonate buffer) 

MHC class II typing \ 

MHC typing was performed on whole blood samples 6x 
EBV-transforraed B cells by the Red Cross Blood Bank. 
Melbourne. 

Method of statistical treatment of results 

Data from large numbers of replicates per Ag-stbnulated 
test group clearly demonstrated that the cpm values within 
a group are not normally distributed This is a consequence 
of the random distribution of low numbers of specific re- 
sponding T cells among the replicate wells. It is therefore 
inappropriate to treat proliferation data on PBMC by sta- 
tistical methods based on normally distributed data. We 
have found the Poisson model is a better representation of 
the data (H.M. Geysen et aL, manuscript in preparation) and 
therefore chose to use the following method. A cutoff was 
calculated in the conventional way assuming that data from 
the unstimulated (cells alone or no Ag negative control) 
group was normally distributed. A cutoff cpm value of the 
mean plus three times the SD of the cells alone group was 
calculated and used to score each well as negative (below 
the cutoff) or positive. Poisson statistics were used to de- 
termine whether any difference in the numbers of positive 
wells between the negative control (cells alone) group and 
each experimental group was significant. Frequencies of 
positive responses significant at the 0.25% or better (p < 
0.0025) level are reported. 

Because this method of analysis is uncommon for pro- 
liferation tests but common in other quantal methods, we 
have included a typical set of data from the pools scan of 
one donor comparing this method of analysis with a con- 
ventional method using the mean £ SD of the 3 H-TdR 
uptake (cpm) (Fig. i). Figure U shows that for several 
peptide tests, the mean is higher than the mean of the cells 
alone but the SD is generally large so a simple statistical 
test will not distinguish any test groups from the negative 
control group. This is a direct result of the low frequency 
of peptidc-specific Th cells: only wells with peptide- 
specific Th ceils can show proliferation. In contrast (Fig. 
IS), classifying each well as either proliferating or non- 
proliferating and using a statistical test to distinguish 
groups significantly different from (he cells alone accord- 
ing to the frequency of wells displaying proliferation is 
logical and objective. Figure 1 also gives an indication of 
the magnitude of peptide responses and generally shows the 
higher the mean, the greater the frequency of positive wells, 
as expected. We assigned a cutoff of the mean + 3SD based 
on the assumption of normally distributed background cpm. 
and it is evident that there arc borderline cases between 
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roliferating wells and nonproliferating wells (Fig. 1). This 
? jieviiable where there is a continuous spectrum of values. 



Rt.jItS 

Peptide pooling strategy 

A set of 1304 overlapping 12mer peptides was synthesized 
spanning the 1315 residues of the tt sequence (9), each 
peptide offset by one residue from the preceding peptide. 
Thus, each peptide overlapped the preceding and the fol- 
lowing one by 11 residues. The multipin peptide synthesis 
5* - tern used gave nontoxic peptide solutions ready for use 

jioassays- Because it was impractical to screen each 
peptide separately on each donor's PBMC for its ability 
to cause proliferation, we used a peptide pooling strategy 
to identify regions containing Th cell epitopes, followed 
by testing of individual peptides from the most frequently 
recognized pools. 

We chose to screen peptides as 66 pools of approxi- 
mately 20 sequential overlapping peptides each (Table I). 
The size of the pools was selected so that the size of both 



the initial scan and the subsequent decodes of stimulatory 
pools would be manageable. Due to the completeness of the 
peptide "set, the peptides from the NH 2 -terminal end of a 
pool overlap with the preceding pool and likewise the pep- 
tides from the COOH-terminal end of a pool overlap with 
the following pool. 

The concentration of each peptide used in the final cul- 
ture was 03 jtM. Epitopes of less than 12 residues in 
length will be present in two, three, or more of the over- 
lapping peptides in that pool, and therefore the concentra- 
tion of shorter epitopes will be higher than that of longer 
epitopes. \ 

PBMC from nine HIA-typed donors (Table 11), knowii 
to respond to TT in vitro, were initially scanned for theirj 
ability to respond to each of the 66 peptide pools (Table 1).^ 
Peptide pool/donor combinations scored as positive are ' 
those in which proliferation occurred in a significantly 
larger number of wells than seen in the cells alone control 
{p < 0.0025). Figure 1 shows a typical set of data from the 
pool scan of one donor comparing this method of analysis 
with the conventional method of using the mean ± SD. 

Table I shows that several pools stimulated PBMC from 
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FIGURE 1. The data from the tt pools scan using donor H from Table I. A: The mean r SO of incorporated ( 3 Hl-TdR (cpm). 
8: A scatter plot of the incorporated i J H|-TdR (cpm) of individual wells. 
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Table I 

Complete scan of tt for Th cell epitopes using peptide pools and P8MC 



Pool J 


tt Sequence 


No. 


Spanned by Pool 


1 


1 to 31 


2 


21 10 51 


3- 


41 to 69 


4 


59 to 89 


5 


79 to 109 


6 


99 to 129 


7 


119 to 149 


8 


139 to 169 


9 


159 to 189 


10 


1 79 to 209 


11 


199 to 229 


12 


219 to 249 


13 


239 to-269 


14 


259 to 289 


15 


279 to 309 


16 


299 to 329 


17 


319 to 349 


18 


339 to 369 


19 


359 to 389 


20 


379 to 409 


21 


399 to 429 


22 


419 to 449 


23 


439 to 469 


24 


4S9 to 489 


25 


479 to 509 


26 


499 to 529 


27 


^519 to 549 


28 


539 to 569 


29 


559 to 589 




579 to 609 


31 


599 to 629 


32 


619 to 649 


33 


639 to 669 


34 


659 to 689 


35 


679 to 709 


36 


699 to 729 


37 


719 to 749 


38 


739 to 769 


39 


759 to 789 


40 


779 to 809 


J* 


799 to 829 


(42N 


819 to 847 


43 


837 to 867 


44 ... 


857 to 887 


4S *' 


877 to 907 


46 


897 to 927 


47 


917 to 947 


48 


937 to 967 


49 


957 to 987 


50 


977 to 1007 


51 


997 to 1027 


52 


1017 to 1047 


53 


1037 to 1067 


54 


1057 to 1087 


55 


!077 to 1107 


56 


1097 to 1127 


57 


1117 to 1147 


58 


1137 to 1167 


59 


1157 to 1187 


60 


1177 to 1207 


61 


1197 to 1227 


62 


1217 to 1247 


63 


1237 to 1267 


64 


1257 to 1287 


65 


1 277 to 1 307 


66' 


1297 to 131S 



Donor 



No. +VE 
Donors 



Negative control 
Positive control (TT) 



+ 



+ + + . 

I 



1/112 V112 
49/56 3S/56 



0/1 1 2 
26/56 



1/80 
25/40 



1/112 
14/56 



V1 12 
16/56 



3/112 
44/56 



1/112 
56/56 



I'll 2 
56/56 



* Each peptide pool consisted of 20 overlapping 1 2mer peptide* unless specified by an 
6 Pool* scored positive ip < 0-002S) using 16 replicate* per test. 




Table II 

Map of class U MHCAg for donors used in pooling 
sczn of it 



HLA Typing 



c 
o 

£ 
F 
C 
H 



OR 
11 
2 
4 
4 
2 
2 
4 
1 
1 



OR 
. 13 
4 
7 
7 
3 

13 

7 
2 



ORW 
52 



52 
52 



ORW 

S3 
53 
53 



53 
53 



DQ 
1 
I 
7 
2 
1 
1 
1 
1 
1 



OQ 
7 
7 
9 
8 
2 

8 
9 



r-. 



- •« than one donor. Two major areas of reactivity were 

- ,j!s 30 (tt residues 579-609) and 42 (tt residues 819-847) 
A further eight pools stimulated PBMC from one-third 
(3/9) of the donors. Six of the nine donors responded to a 
pool unique for that donor, whereas 29 of 66 (44%) of the 
pools were not shown to be stimulatory for any of the do- 
nors tested under the stringent criterion used (p < 0.0025). 

Location of Th cell epitopes within stimulatory pools 
rhe individual peptides within four stimulatory pools were 
tested to identify the peptide(s) responsible for proliferative 
responses incurred by the pool. For convenience, we call 
mis test a decode. Single peptides were tested at 1? M M 
approximately three times the concentration of individual 
peptides used in the pool. This was because when more than^ 
one peptide within a pool contains an epitope, the effective 
concentration is proportionally higher. For example, if an 
epitope for a single Th cell consisted of nine amino adds 
(10, 11), stimulatory sequences would be present in four 
, consecutive overlapping peptides within the pool, matin* 
the effective concentration of that epitope 1 J2 M M. & 
Decoding of the most commoniv recognized pools 30 
^and 42 (Tables III and IV, respectivelv). enabled us to'see 
^ 0 whether published Th cell epitopes would be preciselv 
\< identified using this.ittethod. Peptides within pod 30 con- 
tain sequence YSYFPSVI (tt 593-600). the epitope for a 
human tt-specific Th cell clone (10). Decoding of pool 30 
showed that five overlapping 12mers with start residues 
389 to 593 were stimulatory for at least one of the three 
^onors (Table HI). These 12mers all contain the sequence 
^Y.SYFPSVI, identical to the published epitope (10. 12). 
f " Pool 42 spans sequence QYIKANSKFIGtTEL (tt 830- 
844), reported to contain a universally immunogenic DR- 
restneted epitope (1). Decoding of pool 42 showed that five 
' 12mers with start residues between 827 to 831 were capable 
of stimulating PBMC from four donors tested (Table IV) 

vil^ PCpt,dCS OVCr,ap 3 COre (6) of ci § ht rcsiducs - 
YIKANSKF, within the reported epitope tt 830-844 (1). 

Because the region tt 579-689 (pools 30 to 34) consisted 

of five commonly stimulatory pools, we chose to decode 



two additional pools within this region to identify epitopes 
not previously reported. Testing of individual peptides 
withmpool 33 on four donors' cells showed that the re 
spouse to this pool was due to two distinct determinant 
regions (Table V). Donor B, although not scored positive 
for this pool in Table I, had shown responses to pool 33 
at the less stringent level ofp < 0.05, and was thus included 
in the testing on single peptides of pool 33 (Table V) The 
Th cell epitopes within this region were centered on 
sequences IVPYIGPA (tt 642-649) and KQGYEGNFI 
(tt 634-662X respectively. 

Decoding of pool 31 and the first two peptides of pool 
SI revealed with donor D a series of six overlapping stimul 
latory 12mers with start residues 616 to 620 (Table VT) All 
these peptides contain the 7mer core sequence IDDFTNb' 
(tt 620-426). Donors B and G responded to one and two ■ 
peptides, respectively, containing the core sequence (Table \ 
VI> Donor G was included in the testing of single peptides 
within pool 31 because in the tt pools scan positive re- 
sponses to pool 31 were significant at the p < 0.05 level 
We sought to determine whether these findines usino 
12mer peptides would also apply for longer peptides We" 
tested the ability of a 16mer, which encompassed the "en- 
velope-sequence (6) of the stimulatory peptides from pool 
31, to stimulate PBMCj^oflors-B-^KUXand a random \ \ 
set of donors (Table VTT i ( i esiduc^ than V? 

^kalf^f^e^onors-respan^rfjo^his 16merf mplvin ^ 
it is a promiscuous" epitope. ^ 

rr m C Z het ^ nCW,y * Cnti * Cd T c =» <l«'rminants 
(Tables V and Vf) and four other peptides containing T cell 

epitopes of tt were also tested on the random set of donors 
(see footnote to Table VII). Of the four other tt peptides 
two were identified in experiments conducted concurrently* 
wuh the work reported herein, i.e.. tt 141-171, correspond- 
ing closely to pool 8 (Table 0. and tt 257-268 which was 
found using an unpublished algorithm (data not shown) but 
was associated with only two responders in the original 
scan of nine donors (Table I, pool 13). 

In the survey of 32 additional dondb (Table VII) pep- 
tides were tested at two concentrations. 10 and 1* M ,V[ 



ig ^ replica te p rr frstJDu^31-r es ,d ue tt 141-171 and 
nm^M^SlXTMcV^^ hignly signific3m X 



ft 



J 

v. 



using 
the 



/ „ *~ n /vv?=r~ ~*- s '"5"'/ »'5!iiucani 

(/> < 0.002D) responses at one or both peptide concentra- 
tions in at least half of the donors. All of>e- TC Trnrmfm> - 
peptides, including the promiscuous epitorfeu 947-967 C 
stimulated PBMC of a, leas, one quarter ^ tne dono rf \; 
One donor who did not respond to TT in vitro also failed 
to respond to any of the tt peptides, despite being respon- 
sive to other peptide and control Ag (data not shown). This 
suggests Ag specificity of the responses to tt peptides, 
which was also suggested in restimulation experiments 
and studies on immunization of volunteers with TT 
( C. Rcecc et a '-. manuscript in preparation). 
TTiree donors responded well to TT but not to anv of the 
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MAP OF MAJORVlUMAN Th EPITOPES OF TETANUS TOXIN 



Table III 

Decode of stimulatory pool 30 spanning residues 
of tt 579-609 



Peptide 


Sequence 


8 


Donor 
f 


I 


579 


TNSV00ALINST j 


— 


— 


— 


5 BO 


N5V00ALINSTK 


- 


— 


— 


cat 

581 


SVOOALINSTKI 


— 


— 


— 


582 


VOOALINSTKlY 


— 


— 


— 


cm 


U0AHN5TKIY5 


— 




— 


jo4 


0ALIN5TKI YSY 




— 


— 


coc 
DO J 


At 1 UCTI/ TVCVC 

ALiNa i KIY5YF 


— 






CQ£ 

jqO 


1 [UCTl/IVCVCO 


— 




— 




INa I KIY5YFP5 




— 


— 


boo 


Nb 1 Kl YbYFPSV 
















3° 






4 


J 




591 


KIYSYFPSVISK 




3 


5 


592 


IYSYFPSVISKV 


4 


3 


4 


593 


YSYFPSVISKVN 




4 




594 


SYFPSVISKVNO 








S95 


YFPSVISKVNOG 








596 


FPSVISKVNOGA 








597 


PSVISKYNOGAO 








598 


SVISKVNOGAOG 








Cells alone 




1/72 c 


2/96 


3/120 


Pool 30 




5/16 


6/16 


5/16 


TT 0.1 LUm\ 




36/40 


34/56 


55/56 



* Individual peptides were tested at a concentration or* I uM. 

* Number of positive wells out of 1 6 replicate wells. Only frequencies or 
positive wdls that were significantly higher than the ceils alone control (p < 
0.0025) are shown. * — " indicates not significant ly different from the cells 
alone control ( p > 0.0025). 

c Number ot positive wells out of the number of wells shown. 



combining epitopes is a practical way to create a chemically 
aefined T ceil stimulatory reagent for studies on PBMC. 

Discussion 

Many Th cell determinant regions of tt were identified, and 
four of these were examined in detail, resulting in the map- 
ping of a total of five epitopes. The most frequently rec- 
ognized sequence corresponds to a published Th epitope for 
a single human T cell clone (10, 12), whereas another cor- 
responds to a published promiscuous Th cell epitope (1). 
Reliance on predictive methods or on screening of T cell 
clones for epitope specificity had not previously identified 
three of these epitopes. These results allow a map of rjuman 
Th cell tt epitopes to be drawn (Fig. 2). There are clearly 
further sites to be decoded in detail (Table 1) to build up a 
more complete map. x 

The success of this approach in identifying epitopes with 
PBMC may stem from the use of short peptides. Protein 
cleavage fragments (2) or long synthetic peptides with 
small overlaps (14) may fail to stimulate Th cells to pro- 
liferate, due to cleavage of epitope sites or inappropriate 
processing of peptide (J.C Reece et aL manuscript in 
preparation). Use of all overlapping peptides of a length 
within the range of naturally processed peptides (13 to 18 
residues) (15, 16) can result in presentation of the specified 
epitope without the need for processing. With the pooling/ 



peptides. These results indicate that these tt T cell epitopes 
display at least partial MHC class II restriction (Table VII). 
These results also show that the peptides do not exhibit 
nonspecific mitogenic activity. 

Figure 2 summarizes the major human Th cell epitopes 
of tt, both from this study and from published data, with 
emphasis placed on those epitopes known or likely to be 
promiscuous. 

Testing a cocktail of dominant human tt Th cell 
epitopes 

To determine whether a cocktail of dominant epitopes of an 
Ag could be used as a chemically defined reagent in place 
of the whole Ag, seven Th cell epitopes of tt were pooled 
together and tested in parallel with TT (Table VII). The 
cocktail comprised previously reported epitopes (I, 12) and 
epitopes identified by this study (Materials and Meihoih). 
The seven tt peptides were tested individually to identify 
the peptide(s) responsible for responses incurred by the 
cocktail (Table VII). 

As expected, the frequency of positive wells was gen- 
erally as high as the strongest of the individual peptide 
frequencies (Table VII). A higher proportion of TT- 
immunc donors (24 of 31) responded to the pool than to any 
individual peptide. These results confirm that the cocktail 
used does not have an epitope for all donors, but show that 



Table rv' 

Decode of stimulatory pool 42 spanning residues 
of tt $19-847 



Peptide 
Son No. 


Sequence 


E 


Oooor 
F H 


1 


819 


ErOTOSXatLMO' 










820 


FOTOSiCI ! LMOY 










821 


OTOSiM ILM0Y1 










822 


T0SX.NiL.MOY I iC 










823 


OSttllUlOYfXA 










824 


SX:i(L207lKAN 










825 


KHiLVGY! SCANS 










826 


if (LKC V * KANSK 










327 


i LMOY iKAnSXF 


7" 








828 


LMQYUA.'lSXf I 


6 




6 


5 


82? 


MOY!XA;iSXr!G 


5 




14 




830 


0Y!KA:iS.<F!G! 


4 




5 




831 


Y !'<AftSXr ;gi t 




3 






832 


ua.nskf:g(te 










83J 


XAHSKr IGtTtL 










834 


ANSKFsGi 7ELX 










835 


«SKFiG;~ELXX 










836 


Skf'g-teukl 










Ceils afone 




2/88' 


M2S2 


3/100 


1/60 


Pool 42 




5/24 




4/24 




TT0.1 Lf/ml 




24/24 


24/24 


24/24 


16/16 



<* tncfividua! peptide* were te»ied at a concentration of I pAi. 

* Number CX positive well* out oi* 24 replicate wells. Only rVeOucncie? of 
positive wells thai were significantly higher than the cells alone control I p < 
0.0025) are shown. *— " indicates ntx si^ntnontfy riiftWcnt from :he cells 
J lone control (p > 0,00251. 

r Number ot positive wells Out or the numlwr of" wells shown. 

'Donors f and I were shown to respond to pool 42 in the initial pool 
scanning assay (Table 0. 
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. Table V 

Decode of stimulatory pool 33 and the fast peptide 
of pool 32 

Donor 



Pcpfide 
Sun No. 


Sequence 


638 


OVSTIVPYIGPA* 


• 639 


VSTIVPYIGPAL 




STIVPY 1GPALN 


0 641 


TIVPYIGPALNI 


642 


IVPYIGPALNI-V 


643 


VPYIGPALNIVK 


644 


PY IGPAtNfVKO 


645 


Y IGPALNIVKOG 


646 


IGPALNIVKOGY 


647 


GPALNIVKOGYE 


648 


PALNIVKOGYEG 


649 


ALNlVKQGYEGiN 


650 


LNIVKOGYEGNF 


651 


NlYXOGYEGNf I 


652 


IVKOGYEGNFIG 


653 


VKOGYEGNFIGA 


654 


KOGYEGNFIGAL 


655 


OGYEGNFIGALE 


656 


GYEGNFIGALET 


657 


YEGNFIGALETT 


658 


EGNFIGALETTG 


Cells alone 




Pool 33 




TT 0.1 Lt/mJ 





15 
4 



10 
3 



— — 10 — 
8 2 — — 



1/63" 
23/24 
23/24 



VI 32 
16/24 
13/24 



2/77 2/77 
24/24 16/24 
19/24 24/24 



amount of sequence needed to allow MHC class II binding 
and recognition by the TCR. ° 
Evert though the 12mers detected many previously un- 
known epitopes, had we used longer peptides we may 
have detected more determinant regions. For example, in- 
dividuals frequently respond to t( 947-967 (Table VII) 
but not to shorter peptides spanning this region (Table I, 
and additional data not shown). Thus, this new map, al- 
though more thorough than any previously reported, is 
only a first step toward the full set of epitopes for tt The 
donors also represent a limited spectrum of MHC types, 
ensuring that there arc further epitopes presented by other, 
allotypes yet to be defined. \ 
Within the four pools decoded, there were cases where 
at least six overlapping i2mer peptides were stimulatory, j 
The proliferative response to these related peptides could 
be due to the activation of clonal progeny of one precursor 
Tcell by a sequence common to the peptides. Alternatively, 
these observations may result from activation of a number 
of independent Tcell clones able to respond to different but 
overlapping sequences. The reported finding that the NH 2 - 
tenninus of the peptide was an important and consistent pan 
of the peptide that binds to MHC class II Ag (15) suggested 



Table VI 

Decode of poof 3 1 and the first two peptides 
of pool 32 



'Sequence 

y isxvnogaogi h 

1SKVN0GA0GIL 
SKVNOGAOGILF 
XYNOGAGGIlr I 
VNOGAOGiLfLO 
NQGAOGILFLOW 
OGAOGIlfLOWV 
GAOGILFLOWVR 
A0G1LFL0WVR0 
OGtlFLOVVROI 
GILFlOWVROn 
IlFlOWVROnO 
L. C L0WVR0I100 
rlOWVROIIOOF 
LOWVROtlOOFT 
OWVROIiOOFTN 
WVR0I100FTNE 
'VROMOOFTNES 
ROII0OF7NESS 
0(t00FTNES30 
f iOOFTNESSOK 
lOOFTNESSOKf 



Donor 



*• Individual peptides were tested at a concentration of I uM 
*Not tested. 

c Number or positive wells out of 1 6 replicate wells. Only frequencies that 
were significantly higher than the ceils alone control (p < 0.00251 are shown, 
indicates not significantly different from cells alone ip > 0.0025). 
rf Number of positive wells out of the number of wells shown, 

decoding approach, the otherwise daunting task of testing 
all these short peptides of an Ag on PBMC of individual 
donors is achievable. 

We have found that the peptide pooling strategy using 
human PBMC works well for identifying the Th cell epi- 
topes within Ac from influenza, allergens, and HIV- 1 (data 
not shown). The frequencies of Ag-specific Th cells for 
some of these Ag were generally lower than for TT indi- 
cating that it is noT necessary to choose Ag with excep- 
tionally high frequencies of Ag-specific Th cells. In addi- 
tion, we have found that the peptide pooling strategy can 
be applied to epitope mapping with spleen and lymph node 
cells from animals as well as to PBMC (data not shown). 

The physical length of the peptides used herein is 'con- 
sistent with the 13 to 18 residue length range of the peptides 
naturally bound to class II Ag (15, 16). This is because all 
peptides used in the pools contain 12 residues of the tt 
sequence with a constant tripeptide moiety (b-dkp) (5) at 
the COOH-terminal end and an acetyl group at the NH 7 - 
terminal end. An acetylated NH 2 -terminus can lead to in- 
creased effectiveness of Th epitope peptides (7). Th cell 
clones can be stimulated by b-dkp-bearing peptides of 3, 9, 
or 10 residues (10) suggesting that peptides containing 12 
residues of the Ag sequence have more than the required 



Peptide 
Start No. 

S99 

600 

601 

602 

603 

604 

605 

606 

607 

608 

609 

610 

611 

612 

613 

614 

615 

616 

617 

618 

619 

620 

Cells alone 
Pool 31 
TTO.I UAnl 



1/108* 

6/24 

19/20 



8 C 

8 

8 
12 
IS 

4 

2/104 
16/24 
24/24 



5/216 
3/24 
24/24 



6?^*°^ Q }*** proliferative response* at the p < O.OS level. 

^J^viAwl peptides were tested * a concentration or 1 pM. 
• "^JT °* (WlUwc ** lh <** <* 24 replicate wells. Only frequencies Of' 
positive well$ that were significantly higher rhon the cells alone control Ip < 
U UU251 are shown. indicaws not siKnificamlv different rYom the cells 
alone control ip > 0.0025) 
"Not tested. 

* Number of positive wells out o# the number o* wells shown. 



Table VII 

Summary of PBMC responses to tt peptides and peptide cocktail 



Peptide 



Oonor 


141-1 


1 71 * 


257-266* 


591-602* 


616-631* 


640-651* 


652-663* 


947-967' 
1 pM h 


Cocktail" 
1 pM 


TT 

0.S It/mi 


Cells 

Alone 


10 


1 pM 


1 0 pM 1 pM 


10 pM 


1 pM 


10 pM 


1 jjM 


10 pM 


1 pM 


10 pM 


1 pM 


8 


NT 


NT' 


NT NT 


NT 


NT 


9 


3' 


NT 


NT 


NT 


NT 


NT 


NT 


24/24 


0/48 


0 


NT 


NT 


NT MX 


NT 


NT 


29 


21 


NT 


NT 


NT 


NT 


NT 


NT 


24/24 


5/82 


CM1 


32 


32 


31 25 


4 


27 


13 


5 


32 


32 


7 


6 


23 


32 


24/24 


1/102 


CM2 




k 








16 


17 


— 


— 


8 


— 


— 


24 


24/24 


3/102 


CM3 


' — 





32 J2 


30 


19 


28 


— 


29 


— 


16 


11 


5 


32 


24/24 


2/9S 


CM4 
























— 


8 


24/24 


2/102 


CMS 


7 


9 


17 M 


— 


— 


— 


— 


17 


10 


17 


— 


— 


31 


24/24 


1/102 


CM6 




























18/l£ 


1/45 


CM7 


— 


— 


8 7 


— 


— 


4 


— 


7 


— 


4 


— 


28 


31 


24/24 


1/102 


CM8 


30 


32 


— — 


15 


— 


4 


— 


24 


IS 


— 


— 


9 


31 


24/24 


1/102 


CM9 


13 


12 




















— 


11 


23/2 4| 


1/32 


CM10 


14 


16 


10 16 


NT 


NT 


19 


14 


NT 


NT 


24 


NT 


7 


NT 


16/18* 


0/74 


CM11 


— 


— 


28 25 


27 


23 


15 


— 


10 


— 


25 


10 


— 


32 


24/24 , 


2/1 40 


CM12 


— 


— 


— — 


— 


— 


— 


— 


24 


— 


5 


— 


— 


— 


18/18 


v 1/68 


CM 13 








6 
















— 


26 


24/24 


2/102 


RX45 












29 


32 


10 


— 


— 


— 


— 


29 


24/24 


2/102 


RX46 


31 


32 


14 22 


32 


25 


32 


32 


32 


32 


32 


20 


31 


32 


24/24 


1/102 


RX47 


22 


8 


— — 


— 


— 


14 


8 


23 


9 


— 


— 


— 


20 


NT 


1/36 


RX48 


— 


— 


9 M 


13 


15 


13 


5 


5 


— 


10 


5 


10 


28 


24/24 


2/198 


RX49 


— 


— 


— — 


5 


— 


27 


28 


5 


— 


— 


— 


— 


21 


15/15 


0/38 


RX50 


9 


5 




















— 


10 


17/24 


4/152 


RX51 


29 


18 


7 — 


14 




7 




32 


25 


18 


9 


6 


26 


24/24 


2/101 


RX53 


20 


27 







7 


25 


29 


24 


29 


6 


5 


7 


31 


24/24 


2/140 


RXS4 


8 


15 




— 






— 


4 


8 






4 


16 


a/24 


3/140 


RX55 




3 


5 4 






3 












3 


1 5 


24/24 


0/102 


RXS6 


31 


17 












3 










32 


24/24 


0/102 


RX57 


6 


























10/24 


0/98 


RX59 




























ion i 
1 Of J.-* 


no 
U \ \jA 


RX60 




























24/24 


2/102 


RX61 


13 


7 


4 5 










8 


7 


12 






17 


22/24 


1/102 


RX62 
























6 




24/24 


1/102 


RX63 




























23/24 


3/102 


RX64 






7 — 






13 














30 


24/24 


1/102 


RX65 


S 




5 — 






4 














7 


24/24 


1/102 


+VE donors/ 






























Total 


16/02 


13/32 


10/31 


{ 19/34 "\ 


*' 18/31 . 


14/32 


12/32 


24/31 


33/33 





J Peptide identified rrom pooling scan (pool 8). V 

6 Peptide identified by predictive algorithm. ^ ~" 

c 1 2mer peptide identified by decoding pool 30. 
rf 16mer peptide identified by decoding or pool 31. 

* 1 2mer peptide identified by decoding poof 33. 

' 2 lmer peptide identified by Panina-8ocdi^on (rets. 4. 11). 

* Cocktail consists of seven individual peptides each at 1 pM. 

* 947-967- was shown to be cytotoxic at 10 pM so it was only tested at 1 pM. 

* Not tested. 

* Number or" wells scored positive ( p < 0.0025) using 32 replicate wells. 

* - — - denotes not significantly different mam ceils alone control ( p > 0.002SV. 



that peptides differing in NH 2 -terminal position by only one 
residue would activate different populations of Th cells. If 
this is the case, the prediction wouJdbe that testing smaller 
numbers of longer peptides could result in failure to de- 
tect some epitopes, because peptides with the required 
NHn-terminal residues may not be present in the pool. 
Because overlapping peptides (Tables III to VI) are 
stimulatory, it is probably not critical to have a particular 
NHv^rminal residue to successfully map most epitopes 
with PBMC. A study oq a human tt-specific Th clone 
(10) found that the NH 2 -cerminaI residue of the minimum 
stimulatory peptide was the most replaceable amino 



acid, whereas the COOH-terminal residue could only b* 
changed from 1 to L. suggesting that the NFU-termina 
residue is less significant than implied from pcptid- 
isolation studies (15). 

APC play a critical role in Ag-stimulatcd PBMC pro 
lifcration assays. Short synthetic peptides can be efficientl 
presented by a range of APC, including B cells, monocytes 
and dendritic cells (17). It is known that short peptides cai 
be taken up directly by MHC class 11 molecules withou 
being processed (13, 19) but the relative significance of thi 
pathway vs an intracellular pathway for peptides presente< 
by APC in PBMC is unknown at this time (20). For longe 
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flGURE 2. A map of the major hu- 
m , Th epitopes of tt. On a linear 
... . the known epitopes are indi- 
cated above the line representing the 
131 S residues of tt and the newly iden- 
tified epitopes are indicated below 
the line- 
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P 2. 



73 - 99 (13) 



593.- 599 (12) II&30 - 644 (1.3) ||9l6 - 932 (12) 

— — — 



(1.3) | 



947- 967 



1273 - 1264 i 




rides, however, inefficient detection of precursor T ceils 
n;av be occurring because certain pools of 12mers were 
stimulatory for PBMC, whereas 31mer peptides spanning 
the same sequences as the stimulatory pools were not (J.C 
Reece et al. T manuscript in preparation). 

Because we expected the quantitative response of PBMC 
to be dependent on peptide concentration, we included two 
dose levels in the survey of seven epitopes (Table VII). We 
chose to treat significant responses (p < 0.0025) at either 
: *>se level as representing recognition of an epitope. AJ- 
uiough 10 jiM often gave higher frequencies of responding 
wells, there are many instances of the opposite effect, sug- 
gesting that this concentration range is a good compromise 
for most of the peptide/donor combinations. 

Better knowledge of the immunodominant and promis- 
cuous epitopes of Ag as determined from unselected Th 
cells will allow design of reagents for enhancement of im- 
munogenicity of Ag (e.g., vaccines) in humans. Such rc- 
tgents may be of more general applicability than those es- 
tablished from study of the best-growing clones (21). If 
antagonistic peptides that have the potential to alleviate 
autoimmune disease are to be practical (22, 23), the epit- 
opes responsible for disease need to be rapidly located for 
a spectrum of MHC allotypes without the lengthy and la- 
borious establTsfiment and characterization of clones. This 
study shows thafthis can be done for a large Ag. 

A cocktail of T cell epitopes may be an effective sub- 
stitute for whole Ag in diagnostic assays (or Th cell func- 
tion. In the few cases where there was no measurable re- 
sponse to the tt cocktail (Table VII), the responses to 
individual peptides were seen at only one concentration and 
were generally low. This cocktail of peptides thus repre- 
sents a synthetic T cell stimulatory Ag that could be used 
to standardize T cell proliferation tests on most TT-immune 
subjects. Serial monitoring of PBMC responses would not 
be subject to the uncertainty of batch variation in TT or 
variations in the effective dose of presented peptide. 

The identification of the whole spectrum of Th ceil epi- 
topes may allow a greater understanding of the basis of 
epitope selection for MHC class ll-restricted epitopes. This 
may enable accurate prediction of Th cell epitopes from 
primary sequence data alone. 
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